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ABSTRACT

Introduction: As a tropical country, Indonesia’s climate is hot and humid throughout the year, implicating
hot workplace environment and leading to workers’ susceptibility to heat stress exposure. Workers at a
steel processing mills exposed to an extremely hot environment are prone to experience heat
stress-related symptoms caused by occupational heat stress. Methods: The study aimed to build a
predictive model of heat stress-related symptoms in steel mill workers based on physiological and
environmental parameters. The respondents of this study were 119 operators exposed to a hot
workplace in Surabaya, Sidoarjo, and Gresik, East Java, Indonesia. Results: The result as a high
correlation (p<0.05) in predictive between the model Wet Bulb Globe Temperature (WBGT), core body
temperature, heart rate and heat stress-related symptoms with R-value of 0.78 or 78%. In addition, there
is a weak correlation between heat stress symptoms and systolic and diastolic blood pressure, as well
as humidity factors and heat stress-related symptoms. Heat stress-related symptoms have a linear
correlation with the value of WBGT, body core temperature and heart rate, while body core temperature
has the highest value of correlation and WBGT is attributed to the lowest of all to the heat
stress-related symptoms. Conclusion: With these values in hand, ones can predict whether workers will
be exposed to heat stress work environment. Furthermore, with this model, it can predict heat
stress-related symptoms in a particular workplace.
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INTRODUCTION

Tropical regions are located within the longitudinal
line near the equator, between south and north
latitude 23.5°, characterized by humid and hot climate
throughout the year. The region is characterized by
high ambient temperature and humidity that might
pose greater risks of heat-related occupational health
to the population (1), as compared to those working in
subtropical areas. Studies have proven that an increase
in humidity with temperature, in which the temperature
depends on pressure, can exasperate heat stress in
summer season in tropical regions (2). Moreover, a hot
environment and high humidity could result in serious

problem due to failure to reduce skin temperature
via evaporation of sweat from the skin surface (3).

In addition, hot workplace environments, associated
with very high temperatures, ranging from agricultural
sectors (4), outdoor construction, road paving,
forestry, maintenance of power line, traffic regulation,
firefighting, and mining, or smelting or hot workplace
environment with value of WBGT > 22°C and
WBGT > 25°C performing very intense work increases
the likelihood of the workers to experience heat
strain at workplace (5). Factors that contribute to
heat stress are classified into two aspects, i.e.,

environmental, and non-environmental factors.
Environmental factors encompass air temperature
and velocity, radiant temperature, and relative
humidity, while non-environmental factors are

personal factors (health condition, acclimatization,
hydration, and clothing) and work factors (metabolic
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heat and workload) (6). There are numerous studies
investigating factors that affect heat stress, such as
temperature and air humidity (7), solar radiation
effect on thermal sensation (8), air humidity effect on
human heat stress in hot environment (3), and many
others.

Steel mills are among industries that are exposed
to extremely hot environment in their iron or
steel processing where workers laboring, such an
environment are susceptible to heat stress (9).
Moreover, when the environmental setting is situated
in a tropical area, the risk of occupational heat stress
is more likely to present. Works related to labor at
steel mill industries in the tropical workplace are
susceptible to elevated ambient temperature and
exposure to thermal stress environment. Such an
environment might pose thermal hazard and heat-
related illnesses to the workers, leading to reduce
their productivity (1).

There are several studies investigating steel mill
workers to heat stress exposure in different countries
with varied environmental settings. Krishnamurthy
et al. (1) conducted a study of steel mill workers in
Southern India with tropical environmental condition.
Based on their findings, for the moderate and heavy
workload, most of the WBGT measurements (90%)
were higher than the recommendation of threshold
limit values (27.2°C) found in blooming-mill/coke-
oven. A study conducted by Fahed et al. (10) used
the method of Wet Bulb Globe Temperature (WBGT)
and Population Stability Index (PSI) to measure
heat stress on the workers laboring at steel mills in
Turkey. They revealed that about 86% of the workers
complained about thermal discomfort in the mills.
Likewise, a study conducted by Fahed et al. (10)
investigated heat load on workers’” health and
activities in steel and iron mills located in Kardemir
Steel Factory in Karabbk-Turkey using several
indices, such as WBGT, PSI and HSI. They found
that the highest WBGT values were associated
with the unit of blast furnace area and continuous
casting. Meanwhile, the rolling mills were recorded
to have the highest Heat Stress Index (HSI) value.
Venugopal et al. (11) studied steel factory in which
they incorporated eight different industrial sectors
in Southern India and revealed that workers in the
steel mill industry were exposed to higher WBGT and
had 9% prevalence of the workers had kidney stones
among them.

In such a workplace, heat sources resulting from
air temperature, wind, and high humidity, solar
radiation, machinery operation, and muscular work
process might lead to heat stress for workers. The
most common symptom caused by heat stress can
range from increased core body temperature, excessive
sweating and thirst, kidney stone, muscular discomfort,

insomnia, and decreased amount of urine (10). In
addition, heat stress may lead to thermal-caused
symptoms, such as heat rash, heat cramps, syncope,
exertional rhabdomyolysis and heat stroke (12).
Zheng et al. (13) clarified that the impact on risk
of heat exposure can develop to become heat
stress illness. The heat-related illness listed in
industries as defined in a technical manual of the
US Occupational Safety and Health Administration
1999 (14) is heat exhaustion, heat cramps, heat
rashes, heat fatigue, heat collapse and heat stroke.
In addition, several common symptoms of heat
stress include, muscular discomfort, decreased
amount of urine which might lead to acute kidney
injury, heat rash, heat syncope, exertional
rhabdomyolysis, sleep disruption, and excessive
sweating (12 - 15). (15), (16)(17).

Chan et al. (18) conducted a study to develop a
predictive model of heat stress among construction
workers in Hongkong based on the WBGT index.
Based on their study, they revealed that age,
drinking habit, and work duration are the primary
three significant predictors to determine the
physiological responses of the construction workers.
Another study investigating the development of a
predictive model in heat stress was carried out by
Lazaro & Momayez (19). In their study, Predictive
Heat Strain (PHS) model was modified based on eight
physical parameters, such as relative humidity, air
temperature and velocity, radiation, metabolic rate,
acclimatization, clothing factor, and posture, to
predict more accurate core body and skin
temperatures. They found that the modified PHS
model was able to predict more accurate core body
temperature more than the original PHS model.

Numerous studies investigated the correlation between
environmental factors, such as air temperature,
air velocity, relative humidity, and solar radiation,
with the metabolic workload, clothing factor,
and acclimatization factor with the occurrence of
heat stress among workers. Seo et al. (20) investigated
the effects of different combinations of relative
humidity and ambient temperatures on the effective
temperature of a wet bulb globe, in relation with two
different types of clothing adjustment factors and
their impacts on the heat strain level. In their study,
the metabolic heat production was fixed at 350 watts
while clothing factors were set with four different
conditions. Rectal and skin temperature, perceptual
and physiological heat strain, as well as body heat
content, were determined. They revealed that
rectal temperature and heat strain indices increased
simultaneously in the four conditions. It is likely
ACGIH’s TLV limit of 38.00C is surpassed when
the core temperature increased continuously during
the extended period of work under all condition.
Previously, Zamani et al. (21) conducted a study
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assessing environmental factors, such as heat
exchange conditions (stress) with the physiological
response  (strain)  through cross-sectional  study
on 387 male farmers in West Azerbaijan, Iran in
2016. The study aimed to determine the association
of heat indices, i.e., PSI, HSI, Humidex, and TSI with
several physiological changes, such as blood pressure,
heartbeat, and skin temperature. They found a direct
association between heat indices and physiological

parameters, excluding systolic blood pressure.
Meanwhile, they revealed inverse associations
between blood pressure, skin and core body
temperature, and heartbeat with all heat indices.

Furthermore, numerous previous studies have
established predictive models for physiological
responses, thermal comfort, etc., in relation with

heat stress in occupational workplace. For instance,
Hajizadeh et al. (22) on ISO 7243 and I1SO 9886 for
the hot and dry environment, Blazejczyk et al. (23)
on Universal Thermal Climate Index (UTCI)
Zare et al. (24) on heat stress indices (UTCI,
WBGT, WBDT, TSI in relation with physiological
parameters, Vatani et al. (25) on UTCI for occupational
heat stress assessment, loannou et al. (26) on ISO
7933:2018 using software for predicting heat strain,
Lazaro & Momayez (19) on modified Predicted
Heat Strain for the hot work environment, Yousif
et al. (27) on the application of Thom’s Thermal
Discomfort Index, etc. Based on previous studies,
there are over 100 predictive models of heat
stress (28) are established for different settings of
the workplace, regardless of no universal predictive
model for various environmental workplaces, among
others heat stress index (HSI), discomfort index,
WBGT index, PHS, TWL, I1SO 7933, TSI (tropical stress
index), PhSI, environmental stress index, and others.
However, there still a lack of studies that investigate

the correlation between environmental factors,
clothing factors, and metabolic workload with
heat stress-related symptoms the workers might

experience because of heat strain. Therefore, this study
aimed to establish the correlation between several
factors with workers’ heat stress-related symptoms and
to develop a predictive model of heat stress related
symptoms for the workers at steel processing mills
workplace in tropical environment.

MATERIALS AND METHODS

The study was a cross-sectional study that
investigated individual risk factors, acute health
score symptoms, environmental-related heat stress
factors (WBGTin, relative humidity, clothing, and
metabolic workload), physiological changes (body
core temperature, heart rate, and blood pressure) to
predict heat stress-related symptoms that workers
exposed to heat environment might experience
in this steel mills involved in this study, including

iron making plant, steel making plant, and rolling
mill with the operating temperature about 1800°C.
Observation and data collection were carried out
in three different steel mills, steel mill A, steel mill
B, and steel mill C, located in different cities, i.e.,
Surabaya, Sidoarjo, and Gresik in East Java. The
targeted respondents involved in this study were 119
operators working indoor with exposure to extreme
temperature, i.e., WBGT indoor >29.5°C selected in
this study based on the sample inclusion criteria, such
as male workers, aged 18 — 55, employed not less
than 3 months, and able to speak Indonesian. The
number of samples was determined using Slovin’s
technique from the 170 targeted populations. We
set the sampling error at 5% or the degree of
confidence interval at 95%. The exclusion criteria
in this study were those who had a history of medical
problems such as diabetes, hypertension and heart
disease that were verified by medical doctor. The
companies were selected randomly based on the
exposure to high temperature. The WBGT value
was obtained from the indoor measurement in
which workers were exposed to heat source at
workplace using WBGT (Model Questemp, brand
3M, USA). The mean value of WBGT is calculated
as follows (29):

WBGT = WBGT +(2 x V\A/‘BGT2)+WBGT3

Where WBGT  is the average value of WBCT,
WBGT, refers to 1.5 m height measurement, WBGT,
refers to 1 m height measurement, and WBGT, refers to
0.5 m height measurement.

The data collection was conducted via walkthrough
inspection, environmental monitoring, and personal
assessment. Type or pattern of workers” workload was
recorded using video recording for at least a 10-minute
duration. The body core temperature was determined
using infrared  Thermometer ~GP100  (Bestone,
China) directed toward forehead and blood pressure
was measured using T 500 Plus Automatic Blood
Pressure Monitor (lwo Smartwatch, China) and
recorded on the worksheet. The measurement was
conducted three times and the results were averaged.
Simultaneously, questionnaires that refer to the study
conducted by Hazwani et al. (4) were distributed
via purposive sampling technique and interviews
were conducted to the workers. Prior to use, the
questionnaire contents were validated by the expert
panel consisting of board of supervisory committee,
whose expertise in occupational health and safety
and through pilot study. The draft of the questionnaire
was discussed with a group of subject matter
experts to review and evaluate the content of a
questionnaire to ensure its relevance, accuracy,
and appropriateness for the intended population.
Besides, the draft of the questionnaire was also
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emailed to some experts to get a review and
comment to ensure the validity of the content
of the questionnaire. Body mass index (BMI)
was measured according to WHO guideline chart (30)
and a graph proposed by ACGIH (31) was used as
guideline in heat stress assessment (32). Meanwhile,
the occurrence of heat stress-related symptoms were
measured based on scoring Acute Heat Symptoms
Score (AHSS) based on American College of Sport
Medicine WBGT index risk chart (33). All the data
were processed and analyzed wusing univariate,
bivariate and multivariate analysis with software
SPSS version 25 and the output was generated in the
form of regression equation as heat stress-related
symptoms prediction model. The outcome should
show a significance level of 0.05 for a two-sided
test, and the test statistic must be greater than or
equal to the critical value 1.96. Before conducting

data collection, ethic clearance with identity of
Ref.:  UPM/TNCPI/RMC/JKEUPM/1.4.18.2 (JKEUPM),
dated 28 November 2020 was obtained from

Research Management Centre (RMC) Universiti Putra
Malaysia, UPM.

RESULTS

Based on the study results from the total 119
respondents, the highest occurrence of symptoms
the workers (54.62%) in the three mills experienced
were severe thirst and excessive sweating due to hot
environment (Table 1). These symptoms are related to
each other since excessive sweating will result in
severe dehydration, leading to a worker’s deficiency
of body liquid. Thus, it will affect in a feeling
of severe thirst, indicating of hydrating or liquid
intake requirement. Thirst is one of the measures of
absolute hydration status, other than urinary markers
(color, specific gravity, and osmolality) (34).

Table | presents the symptoms of heat stress and their
corresponding percentages based on the number of
individuals who experienced these symptoms. The
most common symptom reported by the respondents
is profuse sweating, accounting for 54.62% of the
respondents. This is followed by fatigue, severe thirst,
rapid breathing, lack of concentration, moist skin,
dizziness, and heat rash. These symptoms are reported
by more than 29% of the respondents. Meanwhile,
headache, dry skin, nausea, fainting, muscle cramps,
seizures, confusion, and loss of consciousness are
less frequently reported, with each symptom being
experienced by less than 30% of the participants.

These symptoms are indicative of the body’s response
to prolonged exposure to extreme temperatures,
and they may vary in severity depending on
the individual’'s age, physical condition, and
environmental factors. Heat stress-related symptoms
may develop rapidly and lead to heat exhaustion
or heat stroke, which can be life-threatening if not
promptly addressed. Therefore, it is important to
recognize and manage these symptoms to prevent
more severe health consequences.

During the interview regarding heat stress-related
symptoms score (AHSS), the respondents’ answer
was scored 0 (0/7) to 1 (7/7) based on 7 main heat
stress symptom indicators, i.e., profuse sweating;
fatigue; fainting; dizziness; seizures; heat rash
and heat stroke. If a respondent answered 1 indicator
out of 7, the score was 1/7 or 0.14, while 2 symptoms
were present, the score was 2/7 or 0.29, and so forth.

According to Yammamoto et al. (35), they classified
heat stress-related symptoms into three categories,
i.e., I, 1, and Ill. Stage | refers to any minor heat
stress-related symptoms, such as heat cramps, syncope

Table I : Prevalence of heat stress-related symptoms experienced by the workers (%)

Heat stress-related symptoms

Symptom n % Symptom n %
Heavy sweating 65 54.62 Headache 34 28.57
Fatigue 54 45.38 Dry skin 29 24.37
Severe thirst 46 38.66 Nausea 26 21.85
Rapid breathing 40 33.61 Fainting 19 15.97
Lack of concentration 38 31.93 Muscle cramp 18 15.13
Moist skin 37 31.09 Seizures 18 15.13
Dizziness 36 30.25 Confusion 18 15.13
Heat rash 35 29.41 Loss of consciousness 17 14.29
n=119
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with the signs covering faintness, dizziness, heavy
sweating, slight yawning, muscle pain, and muscle
cramps. Meanwhile, Stage Il is associated with any
heat-related illness not included by Stage | or Stage llI,
such as vomiting, headache, fatigue, a sinking feeling,
reduced concentration, and impaired judgment.
Finally, Stage Il refers to severe conditions of heat
stress-related illnesses, such as loss of consciousness,
cerebellar signs, or convulsive seizures.

On the other hand, Degham et al. (36) classified
heat stress/strain based on the questions scored
between -3 to 7, by which each question has its own
weighting factor. At the end of the interview session,
the score was multiplied by a weighing factor. Based
on the score achieved, they classified as safe level
when the total score was less than 13.6. The score
was between 13.6 to 18. indicated the potential
for heat-illnesses and required further evaluation.
Meanwhile, a total score, which is greater than 18,
indicates that the onsets of heat-induced illnesses
very likely and appropriate control measures
should be taken as soon as possible to reduce
heat strain.

Table Il : Index of Acute Heat Symptoms Score (AHSS)

Score Symptom category n (%)

1 Very High 0 (0)
0.71-0.86 High 5 (4.20)
0.43-0.57 Moderate 19 (15.96)
0.14-0.29 Low 47 (39.50)

0 No Symptoms 48 (40.34)

Table Il shows the distribution of symptom categories
based on the Index of Acute Heat Symptoms Score
(AHSS), a tool used to assess the severity of heat
stress-related symptoms. The majority of respondents
(40.34%) scored in the “no symptoms” category with
a score of 0, indicating that they did not experience
any heat stress-related symptoms. A substantial

Table 11l : WBGT and relative humidity at three steel mills

proportion of respondents (39.50%) scored in the
“low” category with a score range of 0.14 — 0.29,
suggesting that they had mild heat stress-related
symptoms. The “moderate” category, with a score
range of 0.43 — 0.57, was reported by 15.96% of
respondents, indicating that they had symptoms
of moderate severity. Only 4.20% of respondents
scored in the “high” category with a score range
of 0.71 - 0.86, indicating that they had symptoms
of high severity. No respondents scored in the
“very high” category with a score of 1, suggesting
that none of the respondents experienced severe
heat stress-related symptoms that required immediate
medical attention.

Overall, the distribution of symptom categories
indicates that the majority of respondents did not
experience heat stress-related symptoms, and those
who did experience symptoms had mild to
moderate severity. It is important to note that the
AHSS tool is specific to assess heat stress-related
symptoms and is not a general tool for assessing
other medical conditions. The severity of symptoms
can be influenced by several factors such as age,
gender, pre-existing medical conditions, and the
duration of exposure to heat.

Environmental factors

During the data collection, the weather outside
was clear, sunny, without rain. The measurements
of WBGT were carried out in three mills with a
different number of measurements, namely Steel
Mill A 44 times, B 30 times, and C 90 times. The
results of WBGT are presented in Table Il below.
Overall, in the three companies under the study,
the average temperature reached 31.99 °C, while the
lowest was at Mill C (28.54 °C), and the highest
was at Mill B (47.92 °C). The highest humidity level
was attributed to Steel Mill C with a mean humidity
of 58.03%, followed by Mill A (52.22%) and the
lowest was Mill B at 48.90%. Overall, the mean
humidity level in the three mills reached 54.10%,
Steel Mill B was 30.6% and the highest was found at
Steel Mill C, 58.03%.

Mill WBGT Relative Humidity
Mill Sample Min Max Ave. Std. dev Min Max Ave. Std. dev
Steel Mill A 49 29.96 34.58 32.64 1.78 45.00 62.00 52.22 4.38
Steel Mill B 20 31.05 38.52 34.04 1.76 30.60 67.00 48.90 11.18
Steel Mill C 50 28.54 33.98 30.82 1.66 43.80 68.00 58.03 7.61
Total 119 28.54 47.92 31.99 2.47 30.60 68.00 54.10 8.04

WBGT: wet bulb globe temperature
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The table (Table IlI) provides data on the Wet Bulb
Globe Temperature (WBGT), relative humidity (RH),
and the number of samples taken in three different
steel mills (A, B, and C), as well as the total across
all mills. The WBGT values range from a minimum
of 28.54 to a maximum of 47.92, with an overall
average of 31.99 and a standard deviation of 2.47.
Steel Mill B has the highest maximum WBGT
value of 38.52, while Steel Mill C has the lowest
maximum WBGT value of 33.98. The average WBGT
value in Steel Mill A (32.64) is the highest among all
three mills.

The relative humidity values range from a minimum
of 30.60 to a maximum of 68.00, with an overall
average of 54.10 and a standard deviation of 8.04.
Steel Mill A has the lowest average RH value (52.22),
while Steel Mill C has the highest average RH value
(58.03). Steel Mill B has the highest RH standard
deviation of 11.18, indicating greater variability in RH
measurements.

The data suggest that the WBGT values are generally
below the recommended threshold limit values
for heat stress, which is 32°C in most countries.
However, Steel Mill B has a maximum WBGT value
that exceeds the threshold limit, which could pose a
potential risk to heat stress among workers. It is
important for the management of the Steel Mill B
to take measures to mitigate the heat stress-related
risks by implementing effective heat stress
management strategies, such as increasing the
frequency and duration of rest breaks, providing
workers with adequate hydration and personal
protective equipment, and modifying work practices
to minimize heat exposure.

The value of the WBGT results in this study was
not significantly different from the previous study
result in Malaysia conducted by Hazwani et al. (4).
The study reported that the average RH of 56.21 %
at steel mill workplaces, compared to 58.03 % in
this study. Meanwhile, the minimum and maximum
WBGTin values in this investigation are 29.96 °C
and 33.98 °C, respectively, as opposed to 30.01 °C
and 32.67 °C. It implies that the WBGT result in this
study is higher than in the prior study. Furthermore,
in another study conducted at steel mills in a
subtropical country during the winter, which was
cold and dry (9), the WBGT ranged from 25.4 to
33.2 °C. Because this study is being conducted
during the winter in a subtropical climate, the
minimum of this value is fair and significantly lower
than the value of this study. Furthermore, a prior
study of Krishnamurthy et al. (1) discovered that
90% of WBGT measures in their study conducted
in Southern India at similar workplaces of steel
processing mills were 27.2 — 41.7 °C, which was
considerably higher than that of this study.

Physiological changes

Physiological condition was measured based on
changes in three physical indicators, i.e., blood
pressure, body core temperature, and heart rate.
The workers” physiological conditions of the three
companies shown in Table 4 indicates the lowest
blood pressure (diastolic) of 104.67 and the highest
of 141 with an average of 118.13, while the lowest
blood pressure (systolic) was 70.33 and the highest
was 89.67 with an average of 79.6. The lowest
body temperature was 36.50, the highest was 38.17
with an average of 37.05. The lowest heart rate
was 70.67, the highest was 88 with an average of

Table IV : The workers’ physiological conditions at three steel mills

Physiological condition & unit Measurement time Min Max Mean Stdev
Before Working 105 130 117.20 6.88
Blood Pressure (Diastolic) (mmHg) During Working 105 178 120.26 8.47
After Working 104 131 116.93 6.71
Before Working 70 90 79.64 5.99
Blood Pressure (Systolic) (mmHg) During Working 70 90 80.61 5.42
After Working 70 90 78.55 5.65
Before Working 36.50 37.92 37.02 1.14
Body Core Temperature (°C) During Working 36.72 38.17 37.68 1.25
After Working 36.61 38.04 37.21 1.30
Before Working 70 90 80.19 5.45
Heart rate (beats per minute, bpm) During Working 58 91 80.29 6.27
After Working 70 96 78.76 5.59
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79.75. Based on the above results, i.e., the maximum
body core temperature of the worker is 38,17°C, the
highest temperature of the operator is still below
the limit value (38.5 °C), which is still considered
safe, according to the standard released by
WHO (1969), ACGIH (1989) (37).

Table IV presents the physiological condition of
workers in a particular working environment. The
measurements were taken before, during, and after
work. For blood pressure, both diastolic and systolic
measurements were taken. Before working, the
diastolic pressure ranged from 105 to 130 mmHg
with a mean of 117 mmHg and standard deviation of
6.88. During working, the diastolic pressure ranged
from 105 to 178 mmHg, which was the highest
value compared all, with a mean of 120 mmHg and
standard deviation of 8.47. After working, the diastolic
pressure ranged from 104 to 131 mmHg with a
mean of 117 mmHg and standard deviation of 6.71.
Before working, the systolic pressure ranged from
70 to 90 mmHg with a mean of 80 mmHg and
standard deviation of 5.99. During working, the
systolic pressure ranged from 70 to 90 mmHg with
a mean of 81 mmHg and standard deviation of
5.42. After working, the systolic pressure ranged
from 70 to 90 mmHg with a mean of 79 mmHg
and standard deviation of 5.65.

For body core temperature, the measurements were
also taken before, during, and after working hours.
Before working, the body core temperature ranged
from 36.50 to 37.92 °C with a mean of 37.02 °C
and standard deviation of 1.14. During working,
the body core temperature ranged from 36.72 to
38.17 °C with a mean of 37.68 °C, which was
the highest among all, and standard deviation of
1.25. After working, the body core temperature

Table V : Heat stress-related symptoms predictive model

ranged from 36.61 to 38.04 °C with a mean of
37.21 °C and standard deviation of 1.31.

For the heart rate, the measurements were also
taken before, during, and after working hours. Before
working, the heart rate ranged from 70 to 90 beats
per minute (bpm) with a mean of 80 bpm and
standard deviation of 5.45. During working, the
heart rate ranged from 58 to 91 bpm with a mean
of 80 bpm and standard deviation of 6.27. After
working, the heart rate ranged from 70 to 96 bpm
with a mean of 79 bpm and standard deviation
of 5.59.

The measurement results suggest that the workers
experience a rise in blood pressure, body core
temperature, and heart rate during working hours,
which return to the baseline after work. The
standard deviations suggest some variability in these
measurements among the workers. It's important to
note that the measurements were taken in a specific
working environment, and the interpretation of the
results should be made with caution and in the context
of the specific workplace conditions.

To assess the heart-stress related symptoms predictive
model, the stepwise regression analysis was conducted
by regressing WBGT, body core temperature and
heart rate. The result of stepwise regression analysis
is shown in Table V.

The result of multiple regression analysis shows that,
at a significance level of 0.05, the three variables,
namely WBGT, body core temperature, and heart
rate, had a significant effect on heat stress-related
symptoms. The other three variables, RH, systolic
blood pressure, and diastolic blood pressure, have
no significant effect. The F count value is 58.22

Variables Beta SE F p Adj. R? p
(Constant) -11.48 4.79 12.26 0.001 0.09 0.018
WBGT 0.52 0.15 0.001
(Constant) -46.47 10.22 14.13 0.001 0.18 0.001
WBGT 0.43 0.14 0.004
Body Temperature) 1.06 0.28 0.001
(Constant) -77.07 7.75 58.22 0.001 0.59 0.001
WBGT 0.36 0.10 0.001
Body Temperature) 0.92 0.20 0.001
Heart Rate 0.47 0.04 0.001
*p<0.05
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with a p-value of 0.00 (<0.05), indicating that all
the independent variables had a significant effect on
heat stress-related symptoms at the same time. The
R* in the model is 0.59, indicating that these three
independent variables influence 59.3 % of changes
in employees’ heat stress-related symptoms, whereas
the remaining 40.3 % is influenced by additional
factors not examined in this research.

Table V shows the stepwise regression analyses. The
results suggest that WBGT, body temperature, and
heart rate are all positively associated with heat stress
symptoms. WBGT, body temperature, and heart rate
are all independent variables. The constant term is
-77.07, and WBGT has a coefficient of 0.36 and a
statistically significant t-value of 3.55 (p=0.001). Body
temperature has a coefficient of 0.92 and a statistically
significant t-value of 4.68 (p=0.001). Heart rate has
a coefficient of 0.47 and a statistically significant
t-value of 10.86 (p=0.001). The adjusted R-squared
for this model is 0.59, which means that the
independent variables explain 59% of the variation in
heat stress symptoms.

DISCUSSION

Predictive index of heat stress-related symptoms

Out of the total 119 respondents, severe thirst
and excessive sweating are the heat stress related
symptoms most of the workers experienced due to
hot environment. Excessive sweating is body response
as thermoregulation to maintain body temperature
at normal range. In addition, there was a significant
and positive correlation among the factors, of sweat
rate, sweat volume, and perception of thirst, and
sodium concentration (39). As well recognized, sodium
ion is one of the elemental constituents in human
sweat. Thus, dehydration will decrease the content
of sodium ions in the body. In a warm environment,
excessive sweating, as indicated by excessive
liquid excretion and dehydration are typical of heat
exhaustion (40).

The multiple regression test was used to examine
the factors that predict heat stress-related symptoms.
A model test (classical assumption test) was performed
in this study, which included the normality,
linearity,  autocorrelation,  multicollinearity,  and
heteroscedasticity tests.

Multiple regressions of predictive model

Multiple regression analysis was used to test the
presence or absence of the influence of the
independent variable on the dependent variable
used in the analysis model. There are six predictor
variables (independent) included in the test model,
i.e., WBGT, relative humidity, blood pressure systolic,
blood pressure diastolic, body core temperature,

and heart rate. The effect of the independent variable
on the dependent variable was indicated by the
regression coefficient. The results of multiple regression
testing for Model 1 can be described as follows:
R =0.75, R square 0.57, adjusted R square = 0.55, std.
error of the estimate = 2.02, R square change = 0.57,
F change = 24.67, sig. F change 0.000, and Durbin-
Watson = 1.69. For Predictors, in R-value, consists of
(constant), heart rate, diastolic, WBGT, systolic, body
temperature), and humidity, the dependent variable is
heat stress-related symptoms.

Correlation coefficient of predictive model

The R-value shows the relationship between the
dependent variable and the observed independent
variable (correlation). Based on the results of the
analysis, R-value was 0.784 or 78.4%, meaning
that the variables WBGT, relative humidity, blood
pressure systolic, blood pressure diastolic, body core
temperature and heart rate simultaneously have
a strong correlation with heat stress-related symptoms.

Predictive index of heat stress-related symptoms

The results of data processing in Table V show at a
significance level of 0.05 (5%), the three variables,
i.e., WBGT, body core temperature, and heart rate,
have a significant effect on heat stress-related
symptoms. The other three variables, namely RH, blood
pressure systolic and blood pressure diastolic, have
no significant effect. The predictive index of heat
stress-related symptoms of workers are as follows:

Heat stress-related
symptoms = core temperature) + (0.47 x heat rate)
The conclusions from these results are as follows:

1. An increase in WBGT by 1 unit while the heart
rate and body core temperature are constant (0) will
increase heat-stress related symptoms by 0.36.

2. An increase in body core temperature by 1 unit
while heart rate and WBGT are constant (0), will
increase heat stress-related symptoms by 0.92.

3. An increase in heart rate by 1 unit while body
core temperature and WBGT are constant (0), will
increase heat stress-related symptoms by 0.47.

In comparison, Aggarwal et al. (41) developed a
predictive model to detect human cutaneous vascular
response/changes with other physiological parameters;
thus, heat stress-related illnesses, such as heat edema,
heat cramp, heat syncope, heat exhaustion, and heat
stroke can be estimated. In their study, temperature
changes (°C) and exposure time. Using this predictive
model, one can early prevent heat-related illnesses
with a proper protection. This accurate prediction
is attributed to the integration of changes in forearm
blood flow with the rise of skin temperature, and
changes of environmental factors.
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Furthermore, a study that developed a predicted model
was also conducted by Du et al. (42). However, they
predicted human physiological responses ranging from
rectal temperature, skin temperature, sweat rate, and
heart rate in response to varied room temperatures
and relative humidity. The protection was improved
to 71.2% when Predicted Heat Stress was adjusted
with the maximum heart rate based on age, and it
improved to 68.2% when the real-time heart rate to
predict metabolic rates was adopted.

CONCLUSION

Workers laboring at steel mills workplaces, particularly
in the tropical region are susceptible to heat stress.
The study results revealed that based on WBGT
value, working pattern, and clothing factors, workers
working at three steel mills located in East Java
Province, Indonesia experienced heat stress, indicated
by physiological responses due to heat stress. Based
on data analysis, there was a strong correlation
between the dependent variable and the observed
independent variable (correlation), i.e.,, WBGT,
body core temperature and heart rate with heat
stress-related  symptoms, while humidity, blood
pressure systolic and diastolic have insignificant
correlation with heat stress-related symptoms.

Based on the predictive model of correlation between
dependent and independent variables, an increase in
WBGT by 1 unit while the heart rate and body core
temperature are constant (0) will increase heat stress-
related symptoms by 0.36. Furthermore, when body
core temperature increases by 1 unit, while heart
rate and WBGT are constant (0), it will increase heat
stress- related symptoms by 0.92. Finally, when heart
rate increases by 1 unit while body core temperature
and WBGT are constant (0), heat stress-related
symptoms will also increase by 0.47. Among all
indicators of independent variables, i.e., WBGT,
body core temperature, and heart rate, body core
temperature has the highest value of constant,
indicating that it has the most significant variable
that influences heat stress-related symptoms.

The limitation of the study is that the authors did not
measure the sweat rate of the respondents during the
data collection to be incorporated into the model
due to instrument unavailability during travel restriction
of Covid-19 pandemic. Future study is expected
to include sweating rate as one of the indicators of
heat-related symptoms prediction model.
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